The stomach contents of 229 great cormorants (Phalacrocorax carbo sinensis) shot between March and October 2009 along the Swedish east coast were analysed for differences in diet between gender, age, and breeding phase. Sticklebacks (Gasterosteus aculeatus and Pungitius pungitius) were the most common prey, followed by eelpout (Zoarces viviparus), herring (Clupea harengus membras), and cyprinids (Cyprinidae). Diet did not differ between age and gender, but changed over the breeding season. The different phases explained around 10% of the total variation in stomach content between cormorants, suggesting no major shift in diet over the breeding season. The diet of cormorants in 2009 was compared with the results of a study conducted in the same area in 1992. There were evident changes in the diet between 1992 and 2009, with less perch (Perca fluviatilis) and cyprinids and more eelpout and herring in 2009. This change in diet could partly be related to changes in the fish community. The seasonal changes in diet composition of whole stomachs were less notable than in many previous studies, but long-term changes in the fish communities may induce changes in cormorant diet. It is clearly important to use stomach contents in areas with many small fish species for a comprehensive assessment of cormorant diet.
Introduction
The great cormorant (Phalacrocorax carbo sinensis) has increased in abundance during recent decades in many European coastal regions and large freshwater bodies (Van Eerden and Gregersen, 1995; Bregnballe et al., 2003; Eschbaum et al., 2003; BSRP/ HELCOM, 2005; Punt et al., 2009; Vetemaa et al., 2010) . It is unclear whether this increase in cormorant abundance negatively influences the abundance of species important for fisheries, but it has created a conflict between fishery practitioners and bird conservationists (Jonsson, 1979; Lindell, 1997; Eschbaum et al., 2003; BSRP/HELCOM, 2005; Vetemaa et al., 2010) . Cormorants feed on a wide range of fish species (Johnsgard, 1993; Lindell, 1997) and may be considered opportunistic feeders (Leopold et al., 1998) . Seasonal change in their diet has also been recorded, related to breeding status and fish availability (Keller, 1995; Lehikoinen, 2005; Č ech et al., 2008; Gwiazda and Amirowicz, 2010) . Cormorant diet studies are often based on the analyses of pellets and/or regurgitated fish. A problem associated with using pellets is that hard parts of small prey may not end up in the pellets and the importance of larger fish may be overestimated in the diet (Johnstone et al., 1990; Derby and Lovvorn, 1997; Barrett et al., 2007) . Another problem, associated with the use of regurgitated material, is that the importance of prey for chicks may be overestimated (Barrett et al., 2007) .
To make a more accurate inference about fish consumption by cormorants, it is important to establish if and how their diet changes over both longer (between years) and shorter (within years) periods. Seasonal changes in cormorant diet composition have been attributed to changed selectivity of fish prey (Keller, 1995; Lehikoinen, 2005; Č ech et al., 2008; Gwiazda and Amirowicz, 2010) and/or to changed fish behaviour and movements (Keller, 1995; Gwiazda and Amirowicz, 2010) . Long-term (several years) changes in fish community composition, however, may also induce diet shifts among cormorants (Johnson et al., 2010) , but this has been poorly investigated. Understanding how the diet of cormorants shifts with changes in the fish community composition is important for inferring long-term effects of cormorants on specific fish species. If a predator continously feeds on certain prey (i.e. the diet is relatively stable), predators are likely to increase predation rates as the densities of prey populations decrease, predator densities and everything else being constant. In contrast, if predators are opportunists, the predation rates on prey populations are more likely to decrease with decreasing population densities as the predator switches to other prey (Murdoch and Stewart-Oaten, 1975) . Hence, to estimate the total amount of fish consumed by cormorants, it is important to know whether the result from one point in time can be scaled up to larger temporal ranges.
Here, we examined the diet of great cormorants collected between March and October 2009 from the colony at Kungsholmen, northern Kalmar Sound, western Baltic Sea (Sweden). As stomachs were collected from cormorants shot outside the breeding colony, the samples are representative of the foraging population as a whole, i.e. breeders and non-breeders. The first aim was to evaluate whether the diet of the foraging cormorant population changed over the breeding season. We divided the breeding season into four phases depending on the stage of the offspring: (i) incubation, when relatively few fish are consumed (Gremillet et al., 2000) ; (ii) nestlings (small chicks), when more fish are consumed (Gremillet et al., 2000) and chicks are fed small fish (Lehikoinen, 2005) ; (iii) chicks, when the birds are fed larger prey (Lehikoinen, 2005) ; and (iv) fledglings, when the offspring forage themselves. A second aim was to investigate whether the diet composition of cormorants changed with gender or life-history stage (subadults and adults) and to clarify whether demographic structure should be accounted for when estimating cormorant fish consumption. The third aim was to compare the diet of cormorants in 2009 with the diet reported in a previous study conducted in 1992 in the area around Kungsholmen (Lindell, 1997) . Both total commercial catches and catch per unit effort (cpue) in monitoring surveys of some large predatory fish species, such as perch (Perca fluviatilis) and northern pike (Esox lucius), have decreased in the area around Kungsholmen over the past 15 years (Nilsson et al., 2004 ). In contrast, some small-bodied species, especially stickleback (Gasterosteus aculeatus and Pungitius pungitius) and sprat (Sprattus sprattus), have increased since the start of 2000 in open coastal areas (Ljunggren et al., 2010) . Here, we relate the potential changes in cormorant diet between 1992 and 2009 to changes in fish community composition in the area over the same period.
Finally, an important feature of this study is that sticklebacks, which have small, easily eroded otoliths and, therefore, are usually not identified in cormorant diet studies, are identified and quantified. We included sticklebacks in the study based on the number of spines found in cormorant stomachs. Including sticklebacks in the estimation of cormorant diet is important, because sticklebacks have become a dominant fish species in coastal ecosystems in the Baltic Sea (Ljunggren et al., 2010) .
Material and methods
In all, 229 cormorants were collected by shooting, while foraging, resting, or flying, between 24 March and 8 October 2009 within 3 km of the colony at Kungsholmen (WGS 84: 57805.998 ′ N 16834.173 ′ E; Figure 1 ). The archipelago around Kungsholmen is characterized by moraine islands on a shallow plateau, including many shallow bays and emerging freshwater streams. The archipelago consists of many suitable fish breeding grounds and foraging areas for cormorants. Given the foraging distance of great cormorants, cormorants from other colonies ( Figure 1 ) were also probably foraging there. The number of breeding cormorants has increased every year since the colony was established in 1994, peaking at 775 pairs in 2008 (Johansson and Larsson, 2008) . The colony at Kungsholmen was selected for the study because it was the colony closest (,10 km) to a long-term fish monitoring area, in which the fish community has been surveyed annually since 1995 (Thoresson, 1996; Å jders et al., 2006) . The colony is also one of the largest in the Kalmar Sound area (see Figure 1 for the present and abandoned colonies in the surrounding area). Locals sampled stomachs from cormorants shot over the breeding season with permission from the local county administration [Kalmar County, dnr (logbook reference) 218-1897-10].
Diet analyses
The diet of cormorants was determined by analysing the contents of the stomach and oesophagus from each cormorant; the stomachs of 34 cormorants were empty and were therefore excluded from further analyses ( Table 1 ). The contents were washed through a 0.5-mm mesh sieve. Whole fish were identified and measured, and other material, such as bones and otoliths, were panned in a dark-bottomed bowl and dried before being identified and measured. The lengths and widths of intact otoliths, along with the widths of broken otoliths, were measured under a dissecting microscope. Fish were identified from their sagittal otoliths to the lowest possible taxon, according to Härkönen (1986) and Leopold et al. (2001) in combination with a reference collection. Cyprinids (Cyprinidae) were identified from otoliths and additionally confirmed by the presence of chewing bones and pharyngeal teeth. Right and left otoliths were noted, and the more abundant of the two was considered in estimating the total number of fish in each stomach.
By applying size correction factors (SCFs) to the otoliths, estimates of prey biomass and length can be improved (Tollit et al., 1997) . After being identified to the species level and measured, each otolith was scored into one of three classes expressing its extent of erosion, i.e. wear-class, following Tollit et al. (1997) and Leopold et al. (2001) . The classification is based on otolith morphology, class 1 being minimally eroded with clear lobations and a well-defined sulcus, class 2 having signs of erosion with less pronounced lobations, a less distinct sulcus, more rounded rostra, and less pointed ends, and class 3 being highly eroded with no lobations or sulcus, and with visible, smoothed edges. Assuming that otolith size decreases proportionally to wear-class, correction factors were calculated for the most common species by comparing the average size of otoliths with respect to wear-class. There were sufficient otoliths of herring (Clupea harengus membras), eelpout (Zoarces viviparus), and black goby (Gobius niger) to calculate species-specific correction factors, whereas for the other species, we applied an average of the species-specific SCFs (Table 2) .
Prey weights and lengths were calculated using published species-specific regressions from Härkönen (1986) , Leopold et al. (2001) , and Lundström et al. (2007) . Some species have a fragile rostrum that is often broken, so using width measurements rather than lengths, the underestimation of size can be reduced and a larger sample of otoliths can be used in estimating cormorant diet. When available, regressions for otolith width were used, but when they were not available, otolith lengths were used. The total biomass of cyprinids was estimated using the mean weights of the cyprinids found in stomachs, given the difficulty in identifying otoliths and other bones to species in that group.
The number of sticklebacks was estimated using pelvic spines rather than otoliths. Left and right pelvic and dorsal spines were identified and counted. The most of the left or right pelvic spines were used to estimate the total number of individuals in a stomach. When spines were many (.50), 50 spines were randomly selected, weighed, and sorted into pelvic left, pelvic right, Table 2 . SCFs calculated based on the difference between otolith sizes of the different year classes (see text), with the SCFs for herring, eelpout, and black goby being used for those species, and for other species, an average of the species-specific SCFs applied (SCFs were multiplied by otolith length and width to attain the original sizes of eroded otoliths). Cormorant diet in relation to temporal changes in fish communities and dorsal spines to attain the number of sticklebacks in the subsample. All spines in the sample were then weighed and the total numbers of stickleback estimated as the number of sticklebacks in the subsample times the weight of all spines, divided by the weight of the 50 spines.
To calculate the biomass of sticklebacks, the mean weight of undigested sticklebacks was calculated. We did not differentiate between three-(G. aculeatus) and nine-spined (P. pungitius) sticklebacks because we could not identify spines to the species level. The mean weight was then multiplied by the estimated number of sticklebacks in each stomach, to obtain a total biomass estimate.
The frequency of occurrence (FO i %) of prey species was calculated as the fraction of the number of stomachs containing the species relative to the total number of stomachs containing any prey (i.e. 195 stomachs). To describe the biomass and number of fish in stomachs, we used the relative number or biomass of each fish species in relation to total numbers or biomass of all fish in all stomachs (N i and B i , respectively). Here, the contribution of each stomach is proportional to the total numbers or biomass in each stomach (Lindstrøm et al., 1998) . This allows for an estimate of uncertainty attributable to random processes and to account for a skewed distribution in the diet composition by applying a bootstrap technique (Haddon, 2001; Santos et al., 2001; Lundström et al., 2007) . For each iteration, 195 stomach contents were drawn from the dataset, and the mean B i , N i , of all fish taxa in the diet calculated. The process was iterated 1000 times, and 95% bias-corrected confidence intervals were computed for each fish taxon.
Gender, life-history stage, and breeding phase
The individuals shot were divided into four phases based on the breeding cycle (Table 1 ). The dates for the division of phases were based on visual observations of the colony, one cohesive week per month. As birds were shot at intervals, they were divided into the phases of (i) egg incubation (birds shot 24 March-4 May), (ii) nestling presence (18-23 May); (iii) chick presence (2 June-30 July), and (iv) fledging, when chicks were large enough to leave the nest, but may stay around the colony (6 August-18 October). The gender and the life-history stage of the birds were defined by the presence and development of ovaries and testes and by their plumage (Nelson, 2005 ; Table 1 ). Non-breeders, hatched the previous year, and young-of-the-year individuals were lumped together as juveniles in the analyses. A Bray -Curtis similarity matrix between cormorant stomach content was constructed based on the biomass of each fish family in each cormorant stomach. To test whether the diet differed between breeding phase, gender, or life-history stage (non-breeders or adults), we used a non-parametric randomized approach, permutational multivariate analysis of variance (PerMANOVA) using the Adonis function in the vegan package in R 2.10.0 (R-project, 2010) . A constrained canonical analysis of principal (CAP) coordinates biplot was constructed using the Bray -Curtis similarity index to visualize the difference in diet between breeding phase, gender, and age. The CAP was done using the capscale function in the vegan-package in R. 2.10.0 (R-project, 2010).
Long-term changes in cormorant diet and fish community composition
In Sweden, cormorants were first established in the late 1970s on the island of Gåsö in northern Kalmar Sound (Lindell and Jansson, 1993) , 40 km from Kungsholmen. The archipelago around Gåsö has similar characteristics to that around Kungsholmen. In 1992, the population at Gåsö had increased to 2750 pairs (Lindell, 1997) . The cormorant diet at Gåsö that year was estimated as the percentage numerical contribution from fish otoliths and bones found in pellets collected during the breeding season, April -July (Lindell, 1997) . The colony at Gåsö was abandoned in 1993 as a consequence of human interference.
Between 1995 and 2009, the number of cormorants in the greater archipelago around Mönsterås (50-km radius) varied between 1000 and 2500 breeding pairs. To compare the cormorant diet in 2009 with that in 1992 from Lindell (1997) , we calculated the percentage number of different fish species (N i ) in the months April -July 2009. Sticklebacks were the main prey in the 2009 study (see below), but very few sticklebacks (2%) were found in 1992 (Lindell, 1997) . However, as Lindell (1997) assessed the diet from pellets, which underestimates the importance of small fish (Johnstone et al., 1990) , we compared the numerical contribution from 2009 both with and without sticklebacks. Although we cannot account for all the differences in methodology between the two studies, it is our opinion that large differences in the stomach contents between the studies are more likely to be related to different diets than to different methodologies.
The Swedish Board of Fisheries has conducted annual gillnet monitoring of fish communities in many areas along the Swedish coast as part of the national and regional monitoring programme (Thoresson, 1996; Söderberg et al., 2004) . To estimate changes in the fish community in the area between the 1992 study and 2009, we calculated differences in the cpue of relevant fish species at the beginning and the end of this monitoring period. As monitoring started in 1995, the mean cpue for 1995-1997 was used as the estimate of abundance in the early 1990s and the mean cpue for 2007-2009 as the estimate of abundance in the late 2000s. Three years were used for each period to reduce noise from different water temperatures and sampling errors. Monitoring near Kungsholmen (Figure 1 ) is conducted in August and targets demersal and bentho-pelagic species occupying coastal areas outside the spawning period (Thoresson, 1996) , e.g. perch, roach (Rutilus rutilus), and ruffe (Gymnocephalus cernuus). Net series with four sections of mesh size between 17 and 30 mm are used (Söderberg et al., 2004) . Six net series are deployed during six adjacent nights each year.
We also examined the long-term change in the fish community composition between 1995 and 2009 using principal coordinate (PCO) analysis. Fish ,12 cm, small-bodied species, i.e. gobies (Gobiidae), sticklebacks, butterfish (Pholis gunellis), and species with eel-like body forms (taeniform, anguilliform, or filiform), were excluded from the analysis to ensure that only species and size groups sampled quantitatively correctly by the monitoring method were included. This length limit was chosen as the length class (in cm) where the total number of fish (of all species) peaked, i.e. the total catch (in numbers) was lower in smaller length classes, although it should have been more abundant with representative sampling. It is important to point out, therefore, that the data used in the PCO only reflect the portion of the fish community consisting of larger individuals. Moreover, as the survey methodology depends on the active movement of individuals into nets, sedentary species such as pike and eelpout are poorly represented. 
Results
The average stomach content per cormorant in 2009 was 262 g: 225 g for females and 299 g for males. The biomass and the numerical contribution of different fish species in the diet over the whole breeding period are shown in Table 3 . Sticklebacks dominated the diet by biomass and number, 30 and 91%, respectively. In terms of biomass, fish taxa representing at least 5% in the diet were eelpout (28%), cyprinids (12%), herring (9%), flounder (Platichthys flesus; 7%), and cod (Gadus morhua callarias; 5%).
The diet composition in biomass did not differ between gender (PerMANOVA: F 1,186 ¼ 0.86, p . 0.05) or life-history stage (PerMANOVA: F 1,186 ¼ 0.077, p . 0.05). Diet composition differed between breeding phases (F 3,186 ¼ 5.9, p , 0.05, r 2 ¼ 0.089; Table 4 ). The CAP ordination showed that the diets in neighbouring periods were most similar to each other (Figure 2 ), so we only tested for differences in diet composition between neighbouring phases (including incubation and fledglings, because these are neighbouring over the breeding cycle). N i %, and B i % are the relative number or biomass of each species compared with the total numbers or biomass of all stomachs with bias-corrected confidence intervals (95% CI). The estimated biomass of each fish species is presented as weight (g) and the estimated fish length as minimum, mean, and maximum. 
Cormorant diet in relation to temporal changes in fish communities
The variation in diet by a breeding phase explained just 3 -10% of the overall variation (Table 4 ), so it was not possible to identify a clear shift in the diet over the breeding cycle, but rather a gradual change. The differences in the diet between breeding phases were primarily attributable to there being more sticklebacks during the egg-incubation phase (39 vs. 20% in the other phases), more eelpout (35 vs. 15% in the other phases) and flatfish (Pleuronectidae, 37 vs. 13%) during the nestling and chick phases, and more herring and sprat during the fledging phase (91 vs. 3%; Figure 2b) . A comparison of the proportion by number in the diets between 1992 and 2009 (excluding sticklebacks) showed that perch decreased from 41 to 0.1%, ruffe from 6 to 0.4%, and cyprinids (all species combined) from 36 to 10.6% (Table 5) . Herring, on the other hand, increased from ,1 to 13%. The PCO analysis of the fish community over that period indicated a change from a dominance of roach and perch in the mid-1990s towards a dominance by herring and cyprinids other than roach (Figure 3) . Especially between 1999 and 2003, there was a rapid change in the fish community. Of the main fish species in cormorant diet sampled in the fish surveys conducted between the mid-1990s and the late 2000s, the cpue of roach decreased by 86%, perch by 67%, and ruffe by 77% (Table 6 ). The cpue of herring, on the other hand, increased more than 30-fold, and silver bream (Abramis bjoerkna) almost doubled in abundance (Table 6 ).
Discussion
The results show that the diet of cormorants around the colony at Kungsholmen in 2009 changed over the breeding season, but that the different breeding phases explained just 9% of the total variation in diet composition between stomachs. Diet did not differ between gender and age class, demonstrating that, at least in that area, it is unnecessary to consider the demographic structure of the population when sampling cormorants for diet assessments.
Cormorant diet in 2009 differed substantially from that in 1992. Although methodological differences cannot be ruled out, the difference in diet coincided with similar changes in the fish community. The results also showed that sticklebacks constituted a large proportion of the diet in 2009, unsurprising given that stickleback presence has increased in the coastal areas of the (a) showing the fish families (plus signs) that varied most in the diet over the breeding cycle. Table 5 . Contribution of the species present in cormorant diet in 1992 from a study by Lindell (1997) and the corresponding species contribution to the diet in 2009 with sticklebacks included and excluded from the percentage estimate. Baltic Proper since the early 1990s (Ljunggren et al., 2010) . The results emphasize the importance of assessing cormorant diet composition from stomachs rather than pellets, or as a complement to pellet analyses, especially in environments with many small fish, because these are easily missed in the latter through the rapid erosion of hard parts, bones, and otoliths. The composition of fish in cormorant stomachs changed gradually over the breeding season. The different phases only explained just 3 -10% of the overall variation in diet, indicating great variation between individuals within a breeding phase. There was also an overlap in diet between phases, although the biomass and numbers of some species in the diet changed quite markedly over the breeding season (e.g. flatfish and herring). This contrasts with the results of several earlier studies, e.g. Keller (1995) , Lehikoinen (2005) , Č ech et al. (2008), and Gwiazda and Amirowicz (2010) . Lehikoinen (2005) found a shift towards more eelpout when chicks were small (75 vs. 10 -20% during other breeding stages). This difference between the present study and that of Lehikoinen (2005) may be attributed to the inherent differences in fish community composition between study sites. The differences may also be because Lehikoinen (2005) studied regurgitations, which likely consist of fish species (and sizes) meant for chicks, whereas this study was of stomach contents at the foraging grounds, which included adults and non-breeders. In our opinion, the present results better reflect the diet of the whole foraging population. Variation in the generally large proportion of small fish species in stomachs may also have partly masked a seasonal variation in larger fish, which are usually overrepresented in analysis of pellets (Johnstone et al., 1990; Derby and Lovvorn, 1997) . Further, this study did not investigate the diet outside the breeding period, whereas several earlier studies on seasonal patterns compared breeding and non-breeding periods (Keller, 1995; Č ech et al., 2008; Gwiazda and Amirowicz, 2010) . Although most cormorants migrate south during winter in this area of the Baltic Sea, and total fish consumption decreases, the diets of the cormorants remaining behind may be different.
From the results here, it is not possible to say whether the changes in diet composition over the season were attributable to changes in the selectivity of cormorants or to changes in the fish community, or both. However, the phases in which the diet was characterized by sticklebacks, eelpout, and flounder coincided with respective species' movement from open sea to shallow coastal areas for spawning and feeding (Vetemaa, 1999) .
Sticklebacks, eelpout, and herring were the dominant prey of cormorants in this study, different from findings studies of cormorant diet in the Baltic Sea earlier, in which perch and roach were the dominant species in cormorant diet (Lindell, 1997; Lehikoinen, 2005) . However, for the Vainameri area off the Estonian coast, Eschbaum et al. (2003) report that eelpout in 1997/1998 dominated both pellets and regurgations of cormorants and that perch was less abundant (,2%).
Even removing sticklebacks from the comparison between species composition in 1992 and 2009, the results suggest that the diet of cormorants changed markedly between the two years. Notably, perch constituted 41% (by number) of the diet in 1992 (Table 5 ; Lindell, 1997) , whereas we found just one perch out of 9013 fish in 2009 (sticklebacks removed). Further, cyprinids decreased from 30% of the diet in 1992 to 10% in 2009, whereas eelpout increased from 7 to 38% by number over the same period. Eschbaum et al. (2003) found no major difference in the proportion of eelpout in pellets and stomach contents from regurgitation, suggesting that there is no major bias of eelpout in pellets vs. stomach contents (which, however, depends on the relative proportion of other species not being over-or underestimated). Cormorant diet in relation to temporal changes in fish communities
In general, the difference in numerical contribution of fish species between studies is too large to be based on methodological differences alone. The differences are likely to depend, at least partly, on real differences in the diets, which in turn may reflect the changes in the fish community in the Kungsholmen area over the two decades. The fish community shifted from being dominated by roach and perch in the mid-1990s to being dominated by the cyprinids bleak (Alburnus alburnus), rudd (Scardinius erythrophthalmus), and silver bream, with less perch and roach (Table 6 , Figure 3) . Also, the abundance of herring increased over time (Table 6 , Figure 3 ). Eelpout and sticklebacks were not representatively captured in the surveys at Mönsterås, and the relative abundance of eelpout could not be followed through time and related to the 1992 and recent cormorant diets. However, sticklebacks have increased more than fivefold in the Baltic Proper since the late 1990s (Ljunggren et al., 2010) An obvious question is whether the changes in the fish community over time are caused at least partly by cormorant predation on fish or by other factors. From the results of this study, it is not possible to determine whether the change in the fish community in the Mönsterås area is a result of top-down (cormorants included) or bottom -up regulated processes. Ö . Ö stman (unpublished data) found a negative correlation between the cpue of perch and the number of breeding cormorants in the Mönsterås area, but not for any other species. Changes in the abundance of some species in the area, e.g. stickleback, herring, sprat, and cod, are likely to be based on changes over the whole basin (Ljunggren et al., 2010) . Despite the changes in roach abundance, Secchi-disc depth (indicating nutrient loads) in the study area has been fairly stable over the past 15 years (with an average of 5.5 m; Swedish Agency for Marine and Water Management, unpublished data). In contrast, Å jders et al. (2006) found a negative correlation between roach abundance and Secchi-disc depth during coastal fish monitoring carried out in 11 areas around the Baltic Sea. Whereas roach decreased, other cyprinid species increased, indicating that other processes are also at play. Consequently, whether cormorant prey choice and predation is a cause or an effect of fish community changes cannot be determined from this study alone.
The results of this study suggest some changes in cormorant diet over the breeding season and a shift in cormorant diet between 1992 and 2009. However, the recruitment of many species varies annually in response to fluctuating abiotic factors, e.g. temperature (Karås, 1996; Lappalainen, 2001) , resulting in differences in abundance between cohorts. Whether this temporal variability in the abundance of fish would be reflected immediately in the diet of cormorants, or whether the diet would change more slowly, cannot be determined from this study, but it is an issue that needs to be addressed in future analyses of cormorant diet.
Implications
The suggested shift in cormorant diet, relative to changes in fish communities, has an important implication for the inference of long-term cormorant effects on prey fish populations. For example, perch decreased in many of the coastal areas of the Baltic Sea, and long-term studies reveal a negative correlation between cormorant and perch abundance (Eschbaum et al., 2003; Vetemaa et al., 2010) . Although firm conclusions about the effect of cormorants on specific fish populations in the area cannot be drawn, there was certainly a shift away from perch in the diet during the breeding season. In 1992, perch made up, by number, 41% of cormorant diet, and between 1995 and 1997, the cpue was 4.4 perch per net per day, some 40% of the total fish numbers. In 2009, ,0.1% of the fish in cormorant stomachs were perch, and perch cpue in the fish surveys from 2007 to 2009 was 1.5 perch per net per day, constituting some 10% of total fish numbers. Therefore, the proportion of perch in the diet of cormorants decreased more than the decrease in cpue (1/3) and in the proportion of perch in the fish community (1/4). Despite differences in the methodology between studies, this may well indicate a move away from perch in the diet and hence decreased predation on perch by the average cormorant.
Different breeding phases explained ,10% of the overall variation in diet composition, and demographic parameters explained no additional variation. Both the variation in diet between individuals at different phases and the overlap between phases suggest that a large sample size is as important as sampling over the whole breeding season. More research is needed to address whether the small changes in diet over the breeding season found in this study are specific to the area or are more general across the broader area. The results also show the importance of using whole stomach contents in areas with many small fish that are otherwise easily overseen, and also as the most applicable method outside the breeding season.
